With this study, we investigate the effects of changes in economic factors on body weight by constructing a utility theoretic model. The model is empirically estimated by combining data on individuals' body weight, demographic and physical activity information, and statelevel measures pertaining to the prices of food away from home, food at home, and wages. By combining these data sources, we aim to estimate directly the weight effects of price and income changes. The empirical analysis suggests that decreasing the price of food at home could decrease body weight, a finding which has important public policy implications.
From 1985 to 2005, the number of obese adult Americans increased from 15% to 31% (CDC 2007; U.S. Department of Health and Human Services). 1 In addition to lost employee productivity and obesity-related medical ex penses, market failures arise because of selfcontrol problems, information asymmetry, and the lack of knowledge about health consequences associated with nutrition (Caw ley; Cutler, Glaeser, and Shapiro; O'Dono ghue and Rabin 1999, 2000) . When such market failures exist, corrective measures such as taxes and subsidies might be warranted.
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1 Whether an individual is overweight or obese is determined by the Body Mass Index (BMI), which is determined by the formula: weight (kg)/height 2 (m). Among adults, overweight is classified by a BMI between 25.0 and 29.9, whereas a BMI greater than or equal to 30.0 defines obesity (CDC 2006) . body weight (e.g., Jacobson and Brownell) . A few studies have attempted to investigate the effect of price changes on food consumption or ''lives saved'' (e.g., Cash, Sunding, and Zilberman; Kuchler, Tegene, and Harris), but few have actually focused on body weight changes by formulating a solid utility-theoretic framework (e.g., Lakdawalla and Philipson; Philipson and Posner) .
To our knowledge, only two studies have conducted an empirical analysis (Chou, Grossman, and Saffer; Sturm and Datar) , which could be partially because of the difficulty of obtaining good survey data that contain information about body weight as well as economic information. Chou, Grossman, and Saffer merged micro-level data from the 1984-1999 Behavioral Risk Factor Surveillance System (BRFSS) with various state-level food prices from the American Chamber of Com merce Researchers Association (ACCRA) Cost of Living Index. Although Sturm and Datar used a similar approach, they found that changes in income and relative food prices, especially in the price of fast food, did not have a robust and significant effect on BMI. Thus, these studies provide mixed evidence on the effect of economic factors on obesity. Furthermore, it is unclear how food taxes and subsidies might affect the health and welfare of various demographic subgroups of interest, such as low-income populations. Estimating price and income effects by demo graphic group will increase the usefulness of this health policy (e.g., Farrely et al.) .
Several studies suggest a differential treat ment of high-and low-calorie foods when considering body weight effects (Darmon, Ferguson, and Briend 2003; Drenowski and Specter; Sturm and Datar; WHO) . Although it is intuitive that increasing the price of highcalorie foods will lead to decreased consump tion of such goods; it is not necessarily the case that weight will also decline when ready substitutes are available. Thus, it is important to formulate a theoretical framework that distinguishes between weight effects resulting from price changes in high-calorie versus lowcalorie foods. Schroeter, Lusk, and Tyner provide a general economic framework to determine the conditions under which highcalorie food taxes or low-calorie food subsi dies would decrease body weight by drawing price and income elasticities from economic literature and using energy accounting. Given the limited alternatives considered, they found that a tax on caloric soft drinks would lead to a weight loss, while a tax on food away from home could actually lead to a body weight increases. Although this study is based on the utility-maximizing framework by Schroeter, Lusk, and Tyner, it uses a large-scale data set to directly estimate the effect of price and income changes on body weight.
Research Objectives
The objectives of this study are to (1) develop a utility-theoretic model linking body weight to food prices, exercise, and income and (2) determine empirically the relationship between food prices and income on body weight of various demographic subgroups. This study estimates the effect of price and income changes on body weight by considering three different interventions: (1) high-calorie food tax, (2) low-calorie food subsidy, and (3) income and wage changes.
The empirical analysis employs three dif ferent model specifications. First, as a robust ness check, we estimate a quadratic model similar to that of Chou, Grossman, and Saffer, but we use an alternative and more recent dataset. We also go beyond their analysis by estimating standard errors of the price-weight elasticities, determining mean body weight changes. Second, we test alternative model specifications and compare them to the functional form chosen by Chou, Grossman, and Saffer. Our third model specification determines how the effect of relative price and income changes on body weight differs by demographic factors. Previous research has investigated price-weight relationships by gen der, race, and ethnicity but has not considered important socioeconomic characteristics such as education or income level (e.g., Cutler, Glaeser, and Shapiro; Lakdawalla and Philipson) . Overall, this study goes beyond previous research by providing a theoretical foundation to the empirical model, more thoroughly considering model specification, and by con sidering a wider array of socioeconomic characteristics.
A Model of Consumer Behavior Including Weight

Theoretical Model
This study follows the framework proposed by Philipson and Posner and further devel oped in Schroeter, Lusk, and Tyner. An individual's body weight is a function of the quantity of foods consumed and the level of exercise. The derivation will first be illustrat ed with a simple three-good model example and later will be extended to the N-good case. In the three-good example, the body weight W is affected by the quantity of high-calorie (F H ) foods consumed, the quantity of lowcalorie (F L ) foods consumed, and the level of exercise (E); that is, W 5 W(F H , F L , E). Weight W is strictly increasing in food intake F f (f 5 H, L) and decreasing in exercise E (i.e., qW/qF . 0 and qW/qE , 0. Forming the utility function leads to
where C represents all other consumption goods.
Utility Function (1) is maximized with respect to a budget constraint
where p F i is the price of food type i (i 5 H, L), p E is the price of exercise, p C is the price of all other consumption goods, and I represents income. Given the traditional trade-off be tween an hour of labor for leisure-time activities, a price is associated with exercise. This set-up is similar to Philipson and Posner, who included an individual's weight in the utility function, but did not differ between multiple foods. As shown in subsequent analyses, this has important implications for the efficacy of a tax or subsidy.
Maximizing Utility Function (1) with respect to the budget constraint in Equa tion (2) results in Marshallian demand curves for high-calorie food, low-calorie food, and exercise. Solving the first-order condition creates an optimal weight equation W*, which depends on prices of all goods and income
where the asterisk superscript indicates utilitymaximizing levels.
To determine the effect of a high-calorie food tax, which would change the price of a high-calorie food, the optimal weight Equa tion (3) is differentiated with respect to the high-calorie food price p F H , which yields
which can be converted to the first key elasticity equation as in Equation (5):
z e W * E *e EH :
In this key elasticity equation, e W * p is the F H percent change in weight resulting from a 1% change in p F H . This weight change is influ enced by the sum of three multiplicative terms of price and food-weight elasticities. The foodweight elasticities, e W * F i *, represent the percent change in weight resulting from a 1% change in food type i. The exercise-weight elasticity, e W * E *, is the percent change in weight resulting from a 1% change in exercise. The percent change in weight associated with a 1% change in high-calorie food price is also influenced by e HH , which is the own-price elasticity of demand for the high-calorie food, and e LH and e EH , which are cross-price elasticities associated with the percent change in con sumption of low-calorie food and exercise, respectively, resulting from a 1% change in the price of high-calorie food. The elasticity equation resulting from a change in the price of the low-calorie food is equivalent to that in Equation (5) with the superscripts H and L reversed on the food types and prices. Incomeweight changes can be determined by differ entiating the optimal weight Equation (3) with respect to income I. The policy objective is to reduce weight; thus, it is desirable that the price-weight elas ticity e W * p F H is negative. This holds true when high-and low-calorie foods are complements, as Schroeter, Lusk, and Tyner demonstrate. In the case of the ability for substitutions, the weight outcome depends on the strength of the substitution between high-and low-calorie foods relative to the own-price effect. If the substitution is strong relative to the own-price effect, a tax on high-calorie food will actually increase weight (see Schroeter, Lusk, and Tyner for a derivation of these outcomes).
Empirical Model
In this study, we estimate price-weight and income-weight elasticities using three different functional forms. As a robustness check, the first model uses the same model specification as Chou, Grossman, and Saffer, who estimate the effect of the prices of meals in restaurants, food consumed at home, cigarettes, and alcohol on BMI. Second, this study expands Chou, Grossman, and Saffer, by evaluating the specification of the functional form. Finally, we estimate the price-weight and income-weight elasticities for different demo graphic subgroups. The goal of this section is to derive the key equations used in the empirical estimations.
The functional form used by Chou, Grossman, and Saffer is
z b ir p ir z d jr Z jr z c jr I jr 2 I 2 z w ir p ir z j jr jr , where BMI* jr is the BMI of individual j living in region r, p ir is the price of the ith good in region r, Z jr is a demographic variable such as age of individual j in region r, and I jr is the income of individual j in region r.
Price-BMI elasticities are specified by
The specification of the income-BMI elastic ities is equivalent to that in Equation (7) when the subscript p ir is substituted with I jr .
The focus of this study is to determine how price and income changes directly affect individual body weight. Thus, after providing a robustness check of the results by Chou, Grossman, and Saffer, this study evaluates the functional form of the model specification by use of weight as the dependent variable instead of BMI. In the weight regressions, two alternative approaches are used: a log-linear and a translogarithmic transformation of Equation (3). The use of a combination of approaches helps to minimize the limitations associated with any single approach.
A log-linear model is used in Equation
z b 2r ln p 2r z . . . ln p ir z b ir z d jr Z jr z c jr ln I jr 2 It is important to note that Equation (8) is equivalent to the logarithmic transformation of Equation (6) if ln(height) is entered as independent variable and its coefficient equals 2. This logarithmic transformation imposes a constant percent effect of the independent variables on body weight, which simplifies the calculation of elasticities. Transforming the variables into logarithmic form also has the advantage that measurement units can be ignored because the slope coefficients are invariant to rescaling. As long as the depen dent variable is greater than zero, using its logarithmic transformation often satisfies the assumption of the classical linear regression model more closely than using a linear formulation. A strictly positive variable might have a conditional distribution that is hetero skedastic or skewed, which is reduced or even eliminated with the use of a logarithmic transformation. Overall, the range of the dependent or any independent variable is considerably narrowed compared with its linear form, which also has the advantage that estimates are less sensitive to outliers or extreme values (Wooldridge 2006 ). Furthermore, a translog flexible functional form based on a Taylor series approximation is also investigated, which should provide an approximation to any true underlying func tional form (Christensen, Jorgensen, and Lau) . A general form of the equation to be estimated is
where p ir describes the price of good i across the geographic region r and p lr describes the price of all other goods l across the geographic region r. Demographic characteristics (e.g., age) enter concomitant into the equation. The prices are normalized to display relative price changes in the goods. The translog model used in this study has interactions between all prices and income. The price-weight elasticities are determined by
Lln W * jr Lln p ir ~ a ir z b ir ln p ir n X z 0:5 c lr ln p lr z c jr ln I jr :
l~1
The third step in the empirical analysis is to provide additional insight into distributional effects of taxes and subsidies by estimating the subgroup specific results for Equations (8), (9), and (10). By estimating price-weight elasticities by demographic subgroup, this study extends the existing literature. Previous studies encourage deepening the empirical investigation of economic effects on body weight while controlling for demographic information (e.g., Marshall, Kennedy, and Offutt) . Only in the context of these interac tions can realistic estimates of distributional weight effects be obtained.
Data and Estimation Procedures
Following the approaches by previous studies, this research links health data to economic data (e.g., Chou, Grossman, and Saffer; Farrely et al.; Sturm and Datar) . Data on individuals' body weight and demographic and physical activity information from the 2003 BRFSS are augmented with state-level measures from the U.S. Department of Labor Bureau of Labor Statistics (DOL/BLS) per taining to the prices of food away from home, food at home, and wage information (CDC 2003; DOL/BLS 2003 .
In this study, we employ Consumer Price Indices that are more encompassing than the ACCRA price indices used by others (Sturm and Datar; Chou, Grossman, and Saffer) . The price of high-calorie foods can be approxi mated by the consumer price index (CPI) of food away from home. 3 The typical food away from home meal is less healthy than home 3 The definitions for food away from home and food at home are based on the location where the foods are obtained and independent of where they are eaten. Foods purchased at retail stores, such as the grocery store or supermarket, are classified as food at home. Foods away from home are obtained from cooked food because it is more calorie dense and contains more total fat, more saturated fat, and fewer servings of fruit and vegetables. Several studies suggest a link between obesity and eating away from home (e.g., Jeffery and French; Frazã o 1997, 1999) . Regard ing food at home consumption, previous studies show that consumers value the nutri tional properties of food more when eating at home compared with when eating out. There fore, this study uses the price of food at home as a proxy for low-calorie food (DOL/BLS 2007) .
In addition to considering the weight effects of food price and income changes, the price-weight effects of changing the price of ''exercise'' are calculated. Given that a worker trades an hour of labor for leisure time activities, such as exercise, the marginal value of this time represents the opportunity cost of foregone wages from working. In this article, overtime wages, which are calculated as 1.5 times the average wage, are used as a proxy for the price of exercise. The actual overtime wage rates might be higher than 1.5, but BLS uses this rate (1.5) to compute 40-hour pay rates from reported wage payments that include overtime (DOL).
In total, we merge three different data sources to develop a final sample that consists of 202,323 adult men and women. 4 Summary foodservice and entertainment establishments, which are ''restaurants,'' or places with waiter service; ''fast food'' is from self-service and carry-out eating places and cafeterias; ''schools'' include daycare centers and summer camps; and ''others'' includes vending ma chines, community feeding programs, and someone else's home. Meals and snacks that consist of a mixture of both away-from-home and home foods are classified according to the component that contributes the most calories to that particular eating occasion (Lin and Frazã o) . 4 Given that this study uses data with self-reported body weights and heights, extreme data outliers were first eliminated to prevent measurement errors. Weight and height cutoffs were determined on the basis of the upper and lower limiting heights and weights in the BMI tables in Whitney, Cataldo, and Rolfes. Also deleted were observations that were based on interviews with respondents during 2004, to guarantee a closer correspondence between the inter views and the prices and wages used in this study. statistics and variable definitions are reported in Table 1. Chou, Grossman, and Saffer determined the effect of an increase in the real price of food away from home and food at home on BMI. To display the effects of relative price changes, we use normalized prices in its further analysis. The use of normalized prices has the advantage that it relates the change in the price of one good to other consumer prices.
One of the consequences of using crosssectional data is that it very likely includes unobserved effects that contain a strong regional component. Thus, to form an unbi ased and consistent estimator, regional dum my variables are included to represent the unobserved components. The food prices are assigned to four U.S. regions-South, Mid west, West, and Northeast-on the basis of the original BLS geographical classification. Table 2 shows the results of the BMI and weight regressions. The signs of the coeffi cients indicate the relationship between the effect on the mean sample BMI or mean sample weight and the independent variables.
Results
Regressions
The first model uses a quadratic functional form, as shown in Equation (5), following Chou, Grossman, and Saffer. 5 Overall, this study supports the findings of Chou, Grossman, and Saffer. One difference is that the current results show significant effects of the restaurant, fast food, food at home, and alcohol prices on BMI, whereas Chou, Grossman, and Saffer's estimates for fast food restaurant price and alcohol price are not significant for either the linear or the quadratic term.
Several limitations of the approach taken by Chou, Grossman, and Saffer require discussion. First, the use of the data set used by them could lead to measurement problems 5 To facilitate the presentation, the tables show only the variables in common between this study and Chou, Grossman, and Saffer. because the authors used a multiyear demo graphic data set, but cross-sectional prices. Second, preliminary regressions suggest that the model results are very sensitive-the elasticity estimates on food at home varied in sign and magnitude depending on the model specification, such as whether BMI or body weight was used as the dependent variables. After adding regional dummy variables, the models produced more robust estimates across all model specifications, in that we obtained lower AIC (Akaike Information Criterion)/SC (Schwarz Criterion) values in the BMI model with the regional dummy variables and a better model fit. However, the t-values declined sharply because of the variance inflation effect of collinearity, which is the trade-off that needs to be considered (Wooldridge 2002) .
With regard to the second and third models, the study shows that increasing income decreases body weight. Higher income could signify a higher ability to purchase more healthful and typically higher priced foods, such as fruit and vegetables, and a better access to nutrition information compared with lower income households. Previous studies have shown that the poor tend to live in areas with more convenience stores and fewer supermarkets. The high prices and the limited product selection of convenience stores could encourage products with higher energy density (Darmon, Ferguson, and Briend 2002; Dre nowski and Specter) .
The variables Employed and Overtime wage reflect the technical change theory by Cutler, Glaeser, and Shapiro. Employed respondents are 1.6% heavier than unemployed respon dents. This finding suggests the existence of a labor-leisure trade-off, which is consistent with Ruhm, who determined that unemploy ment is inversely related to obesity. Overtime wage had a negative effect on body weight. This seems reasonable, since an increase in wage rate also increases income, which would allow purchasing higher-priced, healthier food options.
Although the coefficient of the price of food away from home turned out to be negative, the coefficient of the price of food from home was positive, which differs from the BMI regression result. These findings are consistent with the findings of previous studies. Sturm and Datar show that children who live in communities in which fruit and vegetables are expensive are more likely to be obese than children who live in areas with lower produce cost. Furthermore, this study compared and eval uated the functional form of the model specifi cation of the quadratic BMI model and the log-linear and translog weight regressions. The translog and log-linear weight regressions show higher adjusted R 2 values and lower root mean square error (RMSE) and AIC values than the BMI regression, which indicates a better model specification than the BMI regression used by Chou, Grossman, and Saffer.
Elasticities Table 3 shows the effects of 1% changes in the prices of food away from home, food at home, and alcohol, and income changes on BMI and the effect of a 1% overtime wage change on body weight were estimated as well. Standard errors were calculated by the delta method.
A 1% increase in the price of either one of the food types decreases BMI by 0.036% on average. The income-BMI elasticity was iden tical between this study and Chou, Grossman, and Saffer. The 95% confidence intervals that reflect the likely variations in the individuals' weight responses are shown in brackets. The confidence intervals confirm the robustness, in that the effects on BMI were comparable between the two studies. Given that the confidence intervals for the fast food price-BMI elasticity and the food at home price-BMI elasticity in either the log-linear or the translog model include zero, these price changes could lead to a weight increase.
Regarding the price-weight changes, an increase in the price of food away from home by 1% decreases body weight by 0.04% on average, which is consistent with the previous estimates in the BMI regression. This effect can be explained with a substitution effect toward food at home after the change in the price of food away from home. Typically, food con sumed at home tends to be lower in calories, and portion sizes consumed are smaller than food away from home. Lin, Guthrie, and Frazão determined that over the past two decades, Americans have made remarkable progress in reducing the densities of fat, saturated fat, and cholesterol in foods consumed at home. The researchers calculate that if food away from home had the same nutritional densities as food at home in 1995, Americans would have consumed 197 calories fewer per day.
Interestingly, the largest weight response results from changes in the price of food at home. A 1% increase in the price of food at home would increase body weight by 0.1% on average. This result is consistent with previous research that suggests a substitution effect encouraging the consumption high-calorie fast foods (Seattle Times). Thus, it might seem an efficient strategy to decrease body weight. In this case, these respondents might be encour aged to substitute more food at home for food away from home and achieve weight loss. Considering the case of subsidizing food at home, the sign of the food at home priceweight elasticity switches and turns negative to reflect the price decrease.
The 1% increase in income is associated with an average decrease in body weight of 0.08%, which might be because with increased income, healthier food choices are made. Increasing the overtime wage by 1% leads to decreasing body weight of 0.014% on average, which could be because an increase in wage increases income, which is associated with lower body weight because of a higher availability of healthier food.
Weight Elasticities by Subgroups
The results of the regression analyses showed that price and income changes influence body weight; however, a more differentiated analy sis is important to determine the individual effects of price-and income-weight elasticities by subgroup, which allows the development of appropriate public policies. 6 6 Because the administrative cost of implementing a 1% tax would probably outweigh its benefits, this study focuses on policy changes of 10%, and all priceweight elasticities are scaled by a factor of 10. Only a few demographic subgroups showed a significant weight response after changing the price of food away from home, which is consistent with the nonsignificant price-weight elasticities of food away from home in the previous weight regressions.
However, most demographic subgroups showed a significant response after the 10% subsidy of food at home, and the main effect of the subsidy was a weight loss. Hispanics and respondents in the West were the only two demographic groups that showed weight gains.
Discussion and Conclusions
This study determined that decreasing the price of food at home is a relatively efficient method of significantly decreasing body weight. This option targets several high-risk population groups, such as low-income con sumers, African Americans, whites, unem ployed respondents, and consumers who do not consume enough fruit and vegetables. This finding is consistent with the finding by Cash, Sunding, and Zilberman, and Sturm and Datar, who determine a positive health and distributional effect of a small retail price subsidy on fruit and vegetables.
Furthermore, the analysis showed that the least efficient alternative is to tax food away from home, as it leads to significant weight increases across various demographic sub groups. This finding confirms the results by previous studies that argue that a high-calorie tax is regressive, because it would hurt lower income households who rely on fast food for cheap meals. Taxing the higher caloric food away from home might increase body weight because the reduction in the intake of the highcalorie foods could lead to a reduction in some other necessary nutrients. Thus, compensatory purchases of other foods might well result in an increase in total calorie intake, and thus, a weight increase (e.g., Darmon, Ferguson, and Briend 2002; Schroeter, Lusk, and Tyner; Smith and Tasná di) . Eating away from home has been associated with poor diet quality, perhaps because of fewer food choices or less information about the nutrient content of the foods consumed. Another reason could be that consumers regard eating away from home as a ''splurge,'' independent of its frequency, and use it as an opportunity to enjoy foods other than their usual diet, such as desserts. In this case, behavioral strategies need to change consumer attitudes regarding eating out or modify the environmental setting of fast food and full-service restaurants. Increased infor mation on the nutrient content of foods should be provided or institutional meal plans should be adjusted toward more healthful food choices to reduce the intake of highcalorie foods (Guthrie, Derby, and Levy) .
Several limitations should be noted regard ing this study. While aiming at incorporating several potential factors, the analysis ex plained, at most, a third of the variance in the obesity epidemic. Another limitation is the nonexistence of price data. Merging price data with demographic information serves only as a rough approximation of the prices that consumers would face in real life, in that it assumes that consumers within each region face the same food prices. Clearly, food prices vary because of the low search cost of some consumers and the ability to shop in many different stores. However, the major advan tage of the CPI data is that has a more comprehensive regional coverage than other similar price data sets. This makes the inclusion of a large number of observations possible, which allows for a detailed stratified analysis by population subgroups.
